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MULTI LAYERED VERTICAL TRANSISTOR 
HAVING. REACH-THROUGH ISOLATIN 

CONTACTS . 

CROSS-REFERENCE TO RELATED APPLICATION 

In our prior pending applicationv Ser. No. 134,008 
?led Apr.‘ 14, 1971, now U.S. Pat. No. 3,736,477 issued 
May 29, 1973, and entitled “Monolithic Semiconduc 
tor Circuit For a Logic Concept of High Packing Den 
sity” there is disclosed a semiconductor device struc 
ture for realizing the basic two~transistor logic circuit 
forming a part of the present invention. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a monolithic integrated 

semiconductor structure consisting of partial structures 
with at least one transistor. 

3 2. Description of the Prior Art 
Bipolar monolithic technology is being employed for 

producing structures whose dimensions and doping 
pro?les are essentially governed by one semiconductor 
chip surface. The methods used for this purpose are 
generally known under the term planar diffusion tech 
nology. whereby the various elements are arrangedon 
a common semiconductor chip, being contacted with 
each other by means of conductor patterns. Relatively 
low-doped silicon is used as a substrate on which a thin 
low-doped monocrystalline silicon layer is epitaxially 
grown. ln successive photolitliographic steps followed 
by diffusion steps structures forming PN-junctions are 
introduced into this epitaxially grown silicon layer. As 
the epitaxial layer has 'a relatively high conductivity,‘ 
the interconnected circuit elements arranged on a com 
mon semiconductor chip have to be isolated against 
each other. The isolation method currently employed 
consists in isolation pockets being fonned by separate 
semiconductor regions, accommodating the individual 
circuit elements, being generated by means of addi 
tional frame-shaped. diffusion zones which constitute 
backward-‘biased PN-junctions. The active semicon 
ductor zones of a transistor which are embedded in 
each other must have a certain minimum surface for 
contacting. Apart from this, the frame-shaped isolation 
zones surrounding the active-zones and which must 
penetrate the epitaxial layer down to the substrate en 
tail additional area requirements because of their lat 
eral outdiffusion. That means that the dimensions and 
the doping pro?les generated by diffusion lead to such 
structures not being optimal where circuits with ex 
tremely high densities and minimum dissipation rates 
are to be produced. Further disadvantages consist in 

. the charge storage of the transistors‘in' the saturated 
state being difficult to control and in relatively many 
masking and diffusion steps being required. 
For reasons of cost and reliability it is desirable that 

the number of circuit components to be accommo 
dated on a single chip be as great as possible. It is 
equally desirable that the steps required for designing 
monolithic semiconductor circuits be simpli?ed, im 
proved, or reduced further. In order to accommodate 
a greater number of circuit components on a single 
chip its surface has to be increased as a rule. This has 
the disadvantage, however, that the number of chips 
obtainable from a circular wafer decreases. In addition, 
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the chip yield from a wafer drops rapidly. For produc 
ing a given circuit having as high a yield as possible the 
layout must be such that the area. requirements are re 
duced to a minimum. 
To meet these requirements and to reduce the prob 

lems. as outlined it is known from existing monolithic 
layout techniques of bipolar circuits to group several 
circuit components in a single isolation pocket, rather 
than to arrange each circuit in a separate isolation 
pocket in accordance with the usual layout technique. 
To this end similar semiconductor zones, connected to 
the same potential, are formed jointly. It is also known 
for NPN and PNP-transistors to be integrated in each 
other in a four-layer structure. In a circuit thus pro 
duced the PNP-transistor integrated together with 
NPN-transistor acts as an anti-saturation circuit ele 
ment (Micro-electronic circuits and application, J. M. 
Carrol, McGraw Hill 1965, p. 76, FIG. 4). However, in 

. this known circuit arrangement the area-consuming 
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isolation diffusion cannot be dispensed with either. Fi 
nally, the circuit components realized within the isola 
tion pockets do not simplify or reduce the process steps 
‘required. ‘ t 

The German Offenlegungsschrift No. 2,021,824 pro~ 
vides for an improved monolithic layout of the said 
known circuit with two complementary transistors. Ac 
cording to this Offenlegungsschrift, the known circuit 
is used as a basic component in a logical semiconductor 
circuit concept. In order to ensure a high packing den 
sity, this concept is such that a semiconductor substrate 
of ‘ a ?rst conductivity type accommodates, spaced 
therefrom, at least‘two opposite conductivity regions as 
emitter and collector zones of a‘ lateral transistor struc 
ture. The collector zone of the lateral ‘transistor struc 

‘ ture comprises at least one further opposite conductiv 
ity zone as a collector zone of an inversely operated 
vertical transistor structure. To operate this semicon 
ductor structure as a logical basic circuit, a current is 
injected into the emitter zone of the lateral transistor 
structure, which controls the current ?ow serving as an 
output signal and passing the vertical transistor struc‘ 
ture as a function of an input signal applied to its asso 
ciated collector zone. ' 

This known structure and/or logical basic circuit can 
be universally employed for di?‘erent logical switching 
networks by several such circuits which may be oper» 
ated as NOR circuits, for example, being combined in 
a particular manner. It is recognizable that the absence 
of isolation diffusion regions -- the individual basic cir 
cuits being integratable without separating zones — 
and the elimination of diffused resistors result in con 
siderable‘area savings as compared to existing logical 
circuits. Apart from this, the production process is sim- ' 
pli?ed, being largely in compliance with that generally 
employed for producing a single planar transistor. It is 
equally recognizable that the area requirements are 
governed by the lateral structure of one of the transis 
tors, whereby the area of the diffusion zones touching 
the surface must beadequate. In addition, selective dif 
fusion processes are necessary for two transistor zones. 
Finally, it is pointed out that logical operations and the 
current supply call for separate wiring. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide an inte 
grated semiconductor structure consisting‘ of partial 
structures with at least one transistor and which differs 
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from known structures in that in respectively ensures a 
further increase in the integration density and a reduc 
tion in the area requirements and the power dissipation 
while providing an optimal speed/power ratio, and an 
improvement in the characteristics as well as a consid 
erable simpli?cation of the production method em— 
ployed. In particular, it is the object of the invention to 
provide as a partial structure a logical semiconductor 
concept which in comparison with the known circuit 
concept can be produced in simpler steps and with a 
higher packing density, without the advantages inher 
ent in the ?exibility of applying it for different logical 
networks being curtailed. 

In accordance with the invention, the solution for an 
integrated semiconductor structure is characterized in 
that it comprises a ?rst layer of an opposed second con 
ductivity type which is applied to substrate of a ?rst 
conductivity type, a second layer of the ?rst conductiv 
ity type which is applied to the ?rst layer, and a third 
layer of the second conductivity type which is applied 
to the second layer, and that for contacting the individ 
.ual layers each partial structure is surrounded by 
frame-shaped zones penetrating the layers arranged on 
top of them and whose conductivity type corresponds 
to that of the layer to be contacted. The frame-shaped 
zones are preferably simultaneously employed as isola 
tion zones. 7 

This semiconductor structure has the advantage of 
offering a simple layout and of being readily producible 
with respect to the number and complexity of the pro 
cess steps required. The active zones of the various par 
tial structures merely consist of a uniform laminar 
structure of alternating conductivity into which frame 
shaped zones are introduced in easy process'steps. Via 
these zones the individual partial structures are simul 
taneously contacted and separated from each other. 
Such a layout results in extremely high packing densi 
ties. 

A particularly space-saving layout is characterized in 
that for de?ning the partial structures and for contact 
ing the second layer a ?rst zone is provided, whereas‘ 
for contacting the ?rst layer a'second zone is arranged 
in the ?rst zone. These zones are preferably highly 
doped. The simplest semiconductor structure is charac 
terized in that within each partial structure the first 
layer forms the emitter, the second layer the base and 
the third layer the collector of a ?rst transistor, and that 
the emitter, the base, and the collector are connected, 
via contacts, to the surfaces of the second zone, the 
?rst zone, and the third layer. Partial structures with 
single transistors of different emitter potentials are 
preferably designed in such a manner that the ?rst 
zone, in the region surrounding the second zone on the 
outside, extends into the substrate. For forming multi 
collector transistors several contacts are arranged on 
the surface of the third layer. These contacts are pref 
erably designed as Schottky diodes. A transistor struc 
ture of this kind has several advantages. The PN 
junction capacities are kept low because low doping 

' can be used. Apart from this, the saturation charge of 
the transistor can be chosen extremely low since in 

"verse current ampli?cation can be reduced to a mini 
mum, so that an internal current ampli?cation effect is 
‘eliminated, thus ensuring that only a low charge is 
stored in the base, and since the collector layer can be 

‘ ' extremely‘thin, so that only a low ‘charge is storedinthe 
‘ _ collector. This leads to high cut-off speeds. 
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4 
The advantages described can be obtained in particu 

lar when the layers are epitaxial layers and the frame 
shaped zones are either diffusion regions or regions 
produced by ion implantation. 
As the ?rst and the third layers consist of a common 

layer into which the second layer is introduced by ion 
implantation such a structure is readily producible. 
A modi?cation of the semiconductor structure in ac 

cordance with the invention is characterized in that the 
third layer merely consists of a reduced-size collector 
zone introduced within each partial structure into the 
second layer, and that with the ?rst zone being elimi 
nated the second layer is contacted directly on its sur 
face outside the collector zone. For the formation of 
multi-collector transistors several separate collector 
zones can be introduced into the second zone. 
An embodiment consisting of a partial structure with 

two complementary transistors, whereby the base of 
the ?rst transistor is connected to the collector of the 
second transistor and the emitter of the ?rst transistor 
is connected to the base of the second transistor, is de 
signed in such a manner that the substrate is contacted, 
serving as emitter of the second transistor whose base 
and collector consist of the ?rst and the second layer, 
respectively. The advantages of the latter semiconduc 
tor structure are obtained in particular when for oper 
ating these partial structures as a logical basic circuit 
current is made to flow through the emitter of the sec- _ 
ond transistor controlling the collector current fo the 
?rst transistor, which serves as an output signal, as a 
function of the input signal applied to its collector and 
to the base of the ?rst transistor, respectively. The 
thickness and the impurity concentration of the layers 
are so chosen that the injection of minority charge car 
riers into the PN-junctions of the transistors, which are 
forward¢biased during operation, is primarily effected 
in the direction of lamination. 
A further embodiment of the semiconductor struc 

ture as a logical basic circuit in accordance with the in 
vention is characterized in that for forming a NOR and 
a NAND-circuit, respectively, at least two such basic 
circuits are coupled on their outputs to form a joint 
output. Still a further embodiment is characterized in 
that the monolithic layout of complex logical networks 
consists in such basic circuits being strung together. 

All of these semiconductor structures have the ad 
vantage that the area requirements are greatly reduced, 
that wiring is made simple, that the input and output 
capacities are essentially reduced, that they are readily 
producible, and, in particular, that their cutoff speed is 
high and that their speed/power ratio is optimal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is'hereafter described by means of 
drawings in which 5 
FIG. 1 is an electrical equivalent-circuit diagram of 

a semiconductor structure in accordance with the in 
vention and which serves‘ as a basic circuit; 
FIG. 2 is a schematic cross-section of the correspond 

ing semiconductor structure in accordance with the in 
vention; 
FIG. 3 is a modi?cation of the semiconductor struc 

ture in accordance with FIG. 2; 
H0. 4 is an electrical equivalent-circuit diagram of 

a NOR-circuit realized by means of semiconductor 
structurein accordance with the invention; 

FIG. 5A is a schematic plan view; 4 
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FIG. 5B is a schematic cross-section of the structure 
of the NOR-circuit in accordance with FIG. 4 and 
which is realized by means of the basic structure of 
FIG. 3; 
FIG. 6A is a schematic plan view, and 
FIG. 6B is a schematic cross-section of the structure 

of the NOR-circuit in accordance with FIG. 4 and 
which is realized by means of the basic structure of 
FIG. 2. 

DESCRIPTION OF-THE PREFERRED 
EMBODIMENTS 

As previously indicated, each partial structure in ac 
cordance with the invention can be a single transistor 
or a combination of several transistors connected in a 
particular manner. This does not lead to any differ 
ences in the actual structure but merely in its contact~ 
ing. For this reason the invention is initially explained 
by means of a combination of several semiconductor 
structures forming a basic circuit for a logical circuit 
and subsequently by means of a complete logical cir 
cuit consisting of such a basic circuit, with the design 
and operation of a single transistor being readily under 
standable.- ' f l 

The electrical equivalent-circuit diagram of the basic 
circuit for a logical circuit concept is shown in FIG. I.‘ 
The concept consists of two complementary transistors 
TI and T2. Collector C1 of the PNP-transisotr T1 is 
connected to base B2 of the NPN-transistor T2. In ad 
dition, base B1 of the ,transstor TI is connected to emit 
ter E2 of transistor T2. Via emitter E1 of PNPtransis 
tor Tl current I is fed into base B2 of the NPN transis 
tor T2. Collector C2 of the NPN transistor T2 forms 
the output of the circuit. As is shown in the equivalent 
circuit diagram, the two transistors have semiconduc 
tor zones which are connected to the same potential. 
Thus these semiconductor zones are identically refer 
enced and can be accommodated in common zones 
upon realizing the semiconductor structure. The'opera 
tion of the basic circuit is as follows, If a de?ned poten 
tial is not applied to the common collector'base termi 
nal C1,B2 current I injected into PNP transistor T1 
flows into the base of NPN transistor T2.,Thus transis 
tor T2 becomes saturated. ‘If, ‘on, the other hand, the 
common collector-base terminal C1,B2 is connected to . 
ground potential, current I’injected into transistor T1 
is drawn off via this terminal so that it is prevented from 
?owing into the base of transistor T2. In this case tran 
sistor T2 is cut off. Taking into account the potentials ‘ 
on collector C2 of the transistor T2, an inverter circuit 
is formed by combining the two transistors TI and T2. 

FIG. 2 shows by means of a ?rst embodiment the de 
sign of the semiconductor structure forming the basic 
circuit of FIG. I, the individual zones‘and terminals . 
being identically referenced. A number of such basic 
circuits,aschematic cross-section of which is shownin 
FIG. 2, are arranged on a‘ common chip. ‘On .a P 
conductive substrate Pl a ?rst N-conductive layer. N1 
is arranged covered by a P-conductive layer P2 which 
in turn is followed by an N-conductive layer N2. Sub- I 
strate P1 serves as a common emitter E1 of the various 
PNP transistors Tl on the chip. The common layer N1 
above substrate Pl simultaneously forms the base for 
all PNP transistors T1 and theemitter E2 of the NPN 
transistors T2. Collectors C1 of the transistors‘ Tl 
which are identical to the bases B2 of the transistors T2 
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6 
are embodied by layer P2. The final layer N2 forms the 
collectors C2 of the transistors T2. Each of these basic 
circuits is de?ned by rectangular-shaped annular zones 
5 and 6. Collector C1, of transistor T1 and base B2 of 
transistor T2, respectively, are contacted via the frame 
shaped P-zone 5. For this reason zone 5 must extend at 
least into layer P2. Within the rectangular-shaped an 
nular P-zone 5 the rectangular-shaped annular N-i‘zone 
6 is arranged, via which layer N1 is contacted. Layer 
N1 simultaneously serves as a base B1 of the transistor 
T1 and as an emitter E2 of the transistor T2. The col 
lectors C1 and the bases B2 of the various basic circuits 
are isolated from each other by N+ doped zone 6. This 
zone should preferably extend to substrate P1 to favor 
ably influence the injection from the substrate and 
must extend at least into layer N1. The individual zones 
and/or layers are connected via contacts 8, 9 arranged 
on their surface. Collector C2‘ of the transistor T2 is 
connected via a Contact 7 on the surface of layer N2 ar~ 
ranged within the rectangular-shaped annular zone 5. 
By suitably choosing the doping, the thickness, and the 
pro?le of the ‘various layers, optimal characteristics can 
be‘ achieved for transistors T1 and T2. The low 
resisitivity zone 6 ensures that layer N1, has a uniform 
potential. Contact 10 is used tocontact substrate PI 
‘and thus to connect emitters E1 for transistors'Tl. 
The method of production of such a structure is very 

simple. Because of the uniform arrangement of the 
laminate over the full chip surface, layers Nl, P2, and 
N2, rather than being produced by means of a mask, 
can be epitaxially grown on substrate PI, for example, 
by alternately adding suitable dopants. When using ion 
implantation it is initially sufficient to generate an N 
doped epitaxial layer on substrate P1, with the doping 
decreasing as the thickness increases. By ion implanta 
tion layer P2 andthus separated layers N1, N2 can be 
produced in the N-doped epitaxial layer. The frame 
shaped zones 5 and 6 can be produced either by diffu 
sion or by ion implantation through masks. Thus only 
masking steps are necessary to produce the two frame 
shaped zones and the contacts. Circuits of the usual 
type, such as those using single transistors with differ~ 
ent emitter potentials, can be readily realized‘by means 
of the structure described. To this end layer N1 is inter— 
rupted by P-doped zone 5 in the area surrounding zone 
6 on the outside being diffused into substrate P1. This 
requires but one further masking step. The doping of 
layer Pl can be arbitrarily low as the junction between 
layers P1 and N1 is merely backward-biased in this 
case. Ohmic resistances can be realized in layer N2, for 
example, and also in other layers. 
The embodiment of FIG. 3 differs from that of FIG. 

2 substantially by the absence of the continuous layer 
N2 forming the collectorcC2 of the transistor T2. As 
layer PZcanthus be contacted immediately on the sur 

- face via contact 8, the P-doped zone 5 of the embodi 
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ment in FIG. 2 is eliminated. Zone 11 restricted in its 
size and introduced into layer P2 by diffusion or ion im 
plantation serves as a collector C2. With regard to the 
typical operation, there is no signi?cant difference be 
tween the structures of FIGS. 2 and 3. 

_ The following is a description of a NOR-circuit real 
ized by means of the semiconductor structure in accor 
dance with the invention. It is known that logical basic 
networks as well as complex logical networks are real 
izable by means of NOR circuits. By this token NORing 
can be regarded as‘a basic ‘logical operation. lf'a semi- I 
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conductor arrangement requiring only a minimum of 
space could be found for NORing the cost of comput 
ers employing a plurality of logical networks, for exam 
ple, in the arithmetic and logical unit and for address 
decoding, etc., would be reduced substantially in con 
sequence. By means of the basic circuit described in 
connection with FIGS. 1 to 3 a NOR-circuit in accor 
dance with the invention is obtained by connecting the 
outputs of two basic circuits as described As can be 
seen from the equivalent-circuit diagram of FIG. 4, 
such a NOR-circuit ermits the implementation of the 
logical operation X + . In place of a basic circuit with 
only one transistor T2 a circuit with a further transistor 
T2’ is provided. These two transistors which have com 
mon emitters and bases but separate collectors form a 
multi-collector transistor. In this manner the outputs 
can be connected via the two collector zones N2’, 
whereas the inverted signal X or V of the input signals 
X or Y to which the base of the two transistors T2, T2’ 
is subjected is applied to the collector zones N2. The 
output potential with transistor T2’ being inhibited is 
governed by the succeeding stages. Apart from this, the 
operation of the two basic circuits is identical to that of 
the basic circuits in accordance with FIGS. 1 to 3. As 
a function of the inputs signals X and Y current I in 
jected into the common emitters E1 of the transistors 
Tl either ?ows to the base of the transistors T2, T2’ or 
is by-passed via the inputs X and Y. 

In accordance with the two embodiments of the basic 
structure in FIGS. 2 and 3, FIGS. 5A, 5B and 6A, 6B 
show two embodiments of the NOR-circuit. Again, 
identical reference numbers are used, so that these 
structures need not be described further. It is pointed 
out, however, that a multi-collector transistor T2, T2’ 
is used in lieu of transistor T2. This means that in the 
embodiment of FIGS. 5A and 5B layer P2 comprises 
two separate collector zones 11 and 11’ for forming the 
collectors C2 and C2’. Thus the embodiment in accor 
dance with FIGS. 5A and 58 corresponds to that of the 
basic circuit in FIG. 3. For decoupling the two collector 
outputs C2 and C2’ the embodiment in FIGS. 6A and 
68 comprises two contacts 7 and 7’ on layer N2. These 
contacts together with layer N2 form Schottky diodes. 
The structure in FIGS. 6A and 6B essentially corre 
sponds to the embodiment of the basic circuit shown in 
FIG. 2. FIGS. 5A and 6A are plan views of the topologi 
cal layout of the NOR-circuit, whereas FIGS. 58 and 
6B show a cross-section taken along the cutting line of 
this structure. 

In summary, it can be said that the new structure of 
fers substantial advantages. There is an essential reduc 
tion in area on the semiconductor chip. The circuit 
density is determined mainly by the number and size of 
the contact holes required for the logical inputs and 
outputs. Wiring is simple as wiring has to be provided 
merely for logical combination but not for the current 
supply. An essential reduction in the input and output 
capacities of the logical circuits can be obtained by the 
use of a low-doped layer P2. This leads to an excellent 
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8 
speed/power ratio and a high cutoff speed. The method 
of production is extremely simple. By means of an N+ 
doped frame-shaped zone 9 surrounding the structure 
parasitic lateral injection is prevented, so that cross 
coupling is e?ectively controlled. 

It will be understood that the speci?c embodiments 
shown in the drawings and described above are merely 
illustrative of several of the many forms which the in 
vention may take in practice and that numerous modi? 
cations and variations of these embodiments will read 
ily occur to those skilled in the art without departing 
from the scope of the invention which is delineated in 
the appended claims, and that the claims are to be con‘ 
strued as broadly as permitted by the prior art. 
We claim: 
ll. A monolithic integrated semiconductor structure 

comprising partial structures, each partial structure in 
cluding at least one transistor and comprising: 
a substrate of a ?rst conductivity type, 
a ?rst layer of an opposed second conductivity type 
on said substrate, 

a second layer of said ?rst conductivity type on said 
?rst layer, 

a third layer of said second conductivity type on said 
second layer, 

means for contacting the individual layers, said 
means comprising two frame-shaped zones on said 
third layer surrounding said partial structure, one 
of said zones having said second conductivity type 
and penetrating said third and second layers to 
reach said ?rst layer, the other of said zones having 
said ?rst conductivity type and penetrating said 
third layer to reach said second layer, 

said one zone being positioned within and passing 
through said other zone, and 

transistor biasing electrodes respectively connected 
to said third layer and to said ?rst and second 
zones. 

2. The structure de?ned in claim I and further in 
cluding an additional transistor biasing electrode con 
nected to said substrate. 

3. The structure de?ned in claim 2 wherein said ?rst, 
second and third layers constitute the emitter, base and 
collector, respectively, of a ?rst transistor and said sub 
strate, ?rst layer and second layer constitute the emit 
ter, base and collector, respectively, of a second tran 
sistor. 

4. The structure de?ned in claim 1 wherein said first 
conductivity type is P-type and said second conductiv 
ity type is N-type. 

5. The structure de?ned in claim 1 wherein a plural 
ity of transistor biasing electrodes are connected to said 
said third layer. , 

6. The structure de?ned in claim 5 wherein said third 
' layer constitutes the collectors of a plurality of transis~ 
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tors having commonly connected bases and commonly 
connected emitters. 


